The direct correlation function and the (static) structure factor for a seven-dimensional hardsphere fluid are considered. Analytical results for these quantities are derived within the PercusYevick theory
Interest in studying hard-core fluids in different dimensionalities is tied to the notion that, since these systems share some characteristic features such as the existence of a freezing transition, by considering a higher dimension [in which the mathematics may sometimes become simpler (see for instance Ref. 1) ] one may gain insight into common phenomenology which is either untractable or rather difficult in two or three dimensions. Therefore it is not surprising that many studies have been devoted to hard-core fluids in dimensions higher than three, including fairly recent ones, mostly involving virial coefficients and/or equations of state (for a non exhaustive but hopefully representative list see Refs. 2, 3, 4, 5, 6) . On the other hand, the importance of the Percus-Yevick (PY) theory 7 for the structural and thermodynamic properties of liquids rests on the fact that it is exactly solvable in the case of hard-core systems in odd dimensions. 2, 3 In fact, the direct correlation function c(r) and the static structure factor S(q) have been derived analytically in one, three, and five dimensions (see Ref. 3 and references therein). The major aim of this Note is to provide the explicit expressions for the functions c(r) and S(q) of the 7D hard-sphere fluid in the PY theory. This work extends and complements our previous paper 5 in which we concentrated on the thermodynamic properties and the virial coefficients of the same system, also within the PY approximation, and on the comparison of some of these results with our own simulation data. It must be emphasized that the highest dimensionality for which completely analytical results may be derived from the PY theory is precisely d = 7. Beyond that dimensionality, numerical work is required at one stage or another.
Following Ref. 3, the direct correlation function of the 7D hard-sphere fluid has, in the PY theory, the polynomial form
where the diameter of a sphere is σ = 1 and Θ(x) is Heaviside's step function. The coefficients c i (i = 0, 1, 3, 5, 7) depend on the packing fraction η = (π 3 /840)ρ (where ρ is the number density). After some algebra, one finds the following structure:
Here, Q (0) is the physical solution of a quartic equation , 5 which reads
where
The coefficients t ij appearing in Eq. (2) are listed in Table  I . It can be checked that c(1
, as expected from the continuity of the indirect correlation function γ(r) ≡ g(r) − c(r) − 1. As an illustration, the top panel of Fig. 1 shows c(r) for η = 0.01, 0.02, . . . , 0.07. Now we turn to the structure factor S(q). According to the Ornstein-Zernike equation, S(q) is related to the Fourier transform c(q) of c(r) by
In 7D, the Fourier transform is where J 5/2 (z) = 2/πz −5/2 (z 2 − 3) sin z − 3z cos z is a Bessel function of the first kind. Inserting Eq. (1) into Eq. (10) and performing the integrals one gets
The functions C i (q) are listed in Table II , while the functions S i (q) are
Insertion of Eq. (11) into Eq. (9) gives the structure factor. This function is plotted in the bottom panel of Fig. 1 .
In view of the rather satisfactory agreement that has been observed between the analytical PY results for the compressibility factor of the 7D hard-sphere fluid and the simulation data, 5, 6 one wonders whether a similar agreement will hold for the structural properties. That this is indeed the case has been recently confirmed by Bishop and his coworkers, 8 who have found a very good agreement between their simulation results and the ones computed using our analytical formulae.
